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1.
In Germany, as in most OECD countries, the ageing of the population is creating growing concerns about the sustainability of social security arrangements and, more generally, about the prospect of growth of material living standards. While there are currently about four retired persons per every ten active persons, the ratio will reach 9/10 by the year 2050, unless participation rates among older workers increase significantly 1 . This would imply a complete reversal of the trends observed over the past three decades which have witnessed a weakening attachment of older people to working life. The average age of retirement for men was above 65 in the 1960s and fell monotonically to around 60 in the mid-1990s, a level that is close to the continental European average, but well below the average of most Anglo-Saxon countries. Moreover, the average age of retirement for women has dropped to 58 ½, towards the lower end of the OECD countries' distribution. The purpose of this paper is to analyse the determinants of retirement decision in Germany and see whether reforms of social security arrangements system could contribute to foster participation of older people in the labour market.
2.
The German public pension system is mandatory for a large majority of workers and is relatively generous compared with most other OECD countries. In 1995, the net pension replacement rate for the average production worker was around 70 per cent at the age of 65 (the official age of retirement). The old-age pension system is also accompanied by other income support schemes available to older workers who "retire" before the standard age of entitlement to old-age pension. Until the Retirement Reform of 1992, male workers with a long contribution history could retire at the age of 63 without an accrual reduction of benefits. In addition, retirement at the age of 60 was possible for all women and for men who were either long-term unemployed or with officially certified handicaps. As documented by Riphahn (1997) , disability retirement has also been extensively used to enter retirement before the age of 60. The 1992 reform and the following amendments have increased the accrual rate profile and introduced significant rewards for retirement after the age of 65.
3.
The aim of this paper is to shed light on the incentive effects of the German social security system on retirement decisions. It is based on micro data from the German Socio-Economic Panel (GSOEP) which contains detailed information on households and individuals, including a retrospective employment history. The analysis is based on wave 2 to wave 12 of the GSOEP covering the period 1985-1995. The plan of the paper is as follows. Section 2 presents the basic features of the social security system in Germany and discusses the main reforms that have recently been introduced. Section 3 briefly presents the duration model used in the empirical analysis, while Section 4, presents the main features of 1.
For the analysis of the evolution of the retired-person dependency (RPD) ratio in Germany, as well as in the other OECD countries, see Chapter VI of the OECD Economic Outlook, No. 63, June.
the GSOEP. The following section (5) discusses the main empirical results. This section also discusses the potential effects on the retirement decision of reforms in the pension system. Section 6 contains the conclusions.
2.
A basic features of the German social security system
4.
Germany has a mandatory PAYG public pension system. The coverage of the system is very high: only self-employed (around 9 per cent of the labour force, according to the GSOEP) and workers with earnings below the official minimum earnings threshold (15 per cent of average monthly gross wage, 10.1 per cent of all workers in 1985, according to GSOEP) are not subject to a mandatory coverage. Moreover, some professions, including civil servants, have their own mandatory retirement system. As stressed by Börsch-Supan (1997) , these systems are very close to the general system and for the purpose of the empirical analysis in this paper they are assimilated to the general system.
5.
The public pension system is the most important source of income for older people after they retire. According to our calculations from the German Socio-Economic Panel (GSOEP), 80.1 per cent of the elderly (65+ years of age) had only public social security benefits in 1990, 10.7 per cent had only private pension benefits and 9.2 had both public and private pension benefits. Given their limited coverage, private pensions are not considered in this study with the implicit assumption that only public pension payments affect the retirement decision.
6.
In Germany, the possibility of retiring is open to all individuals with a contribution period of at least five years at the age 65. Until the reform of 1992, those with at least 35 years of contribution could enter retirement with full benefits once they had reached the age of 63. There was also a special rule for women and the long-term unemployed which allowed early retirement: women with 10 years of insurance in the last 20 years could retire with full benefits at the age of 60. A similar possibility was open to the long-term unemployed (more than 12 months in the previous 18 months) who had contributed for at least 8 of the past 10 years.
7.
Older workers who cannot be appropriately employed for health or labour market reasons can also retire at the age of 60. Occupational disability is offered to all individuals whose ability to perform their job is less than half of a healthy individual in the same occupation, provided they had contributed to the insurance system for at least five years and had worked three of the last five years. Occupational benefits amount to two-thirds of the full old age benefits, but older workers (60 and over) are entitled to full benefits. It should be stressed, however, that after one year of unsuccessful search for part-time employment, individuals receiving occupational disability benefits could claim general disability benefits that entitle them to the full level of old age retirement benefits. As stressed by Riphahn (1997) , general disability accounted for eighty per cent of all granted disability applications in the early 1990s, while the remainder is accounted for by the occupational disability scheme. Most of those receiving occupational disability are transferred into the general disability system after one year.
8.
Early retirement was also allowed in the 1980s via two additional pathways. In the period from May 1984 and December 1988, employees could retire at the age of 58: until the age of 60 their employer and the labour office supported them and afterwards they moved into the unemployment retirement scheme described above. Similar features characterise the so-called 59er rule: firms often laid off older workers as many months before age 60 as unemployment insurance benefits would have run (from 60 to 67 per cent of the previous wage) with a maximum of 12 months until 1987 and up to 832 weekdays afterwards.
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The Retirement Reform which was introduced in 1992 provided individuals with more flexible retirement options, while also increasing the neutrality of the system with respect to the age of retirement. However, since 1992, the public pension system was further reformed on several occasions, and discussions about further reforms are still ongoing. Following the 1992 reform and subsequent adjustments, the age limit for the "flexible" early pension route (at the age of 63) and early retirement for women (at the age of 60) will gradually be raised to age 65. These changes will only be fully phased in by the year 2004. All workers with a long number of years of contribution (35 at present) can retire up to five years before they reach 65 but, despite the pre-1992 regulations, benefits will be adjusted accordingly (see Box 1). For the purpose of the empirical analysis, this study does not consider the 1992 reforms nor those introduced afterwards: the dataset covers the period from 1985 to 1995 and even those individuals who retired after 1992 were still granfathered by the pre-1992 legislation. However, in the final part of this contribution, which is devoted to different simulations of policy reforms, the key changes in the 1992 reforms will be considered.
10.
In the German system, benefits are computed on the basis of contributions over the entire working life and adjusted according to the age of retirement and the type of pension (see Box 1). Until 1992, benefits were indexed to the gross wage bill which, de facto, lead to an increase in the level of pensions with respect to net wages. Since the 1992 reform, net rather than gross wages have been used for the purpose of indexing the benefits. Moreover, the 1992 reform introduced partial retirement into the German pension system. Partial retirement is possible with 1/3, 1/2 and 2/3, with benefits adjusting proportionally. The German system also includes a strict earnings test for all early retirements (before age 65). The threshold is around 15 per cent of the average gross wage. After age 65, the earnings test does not apply, and full benefits are paid regardless of other sources of possible earnings.
3.
A duration approach for the analysis of retirement decision
11.
Several approaches have been used in the literature to study the decision to retire of older workers: i) the "lifetime budget constraint" approach (Burtless, 1986) ; ii) the hazard model approach (Diamond and Hausman, 1984; Hausman and Wise, 1985) ; and iii) the "option value" approach (Lazear and Moore, 1988; Stock and Wise, 1990) . In this study, the retirement decision is modelled within a hazard model where the decision is treated as a dynamic discrete choice. One of the main advantages of this approach is that it allows --in addition to pure economic variables, such as wages, pension benefits, etc. --a number of other non pecuniary factors to be considered, including, the health status, family circumstances and eligibility to different retirement schemes. Moreover, the duration model approach permits the updating of information as individuals age. In particular, health status, the family situation, as well as eligibility conditions for entry into different "retirement scheme" may vary as each individual ages. The main drawback of the duration model approach is that it generally considers past and present values of the economic variables but not potential compensations many years in the future as in the life-time budget constraint approach and in the "option value" approach. ECO/WKP(98)17
12.
As discussed below, the lack of a forward-looking dimension in the hazard model approach is handled in this study by replacing the usual social security replacement rate as a measure of the The pension formula also contains a cap, which is revised annually.
The assessed wage is the product of two elements: i) the employee's relative position; and ii) the current "general computation base".
The employee's relative position is the average of the individual's relative annual contribution position over the entire earnings history. In 1972, a redistribution was introduced: the relative position of an individual with at least 25 years of employment and whose contributions over the entire period before 1972 were on average below 75 per cent of the average was raised to 75 per cent. Following the 1992 reform, the relative position of an individual with at least 35 years of contributions and whose average contributions over the service period were less than 75 per cent of the nation-wide average is treated as if her/his contributions were 50 per cent higher, with a cap at 75 per cent of the average contribution.
The computation base corresponds to the monthly pension paid to an average earner. It is adjusted annually to keep pace with gross wages (until 1992) and net wages (since 1992).
Years of service include active contributions plus credited periods for sickness, military service, unemployment, and education (after 16 years of age). Parents who were born after 1920 are credited with the first 12 months after the birth of a child as an insured period, if they stayed at home to look after the child. For parents with children born from 1992 onwards, the period credited for bringing up children has been increased to 36 months.
Before the 1992 reform, there was no benefit adjustment in case of early retirement, apart from the implicit adjustment via years of service in the computation of the pension level. There was, however, an adjustment for later retirement: deferred pension increments were 0.5 per cent per month worked between 65 and 67 in addition to increases due to longer contributions. With the 1992 reform, stronger adjustment for earlier and later retirement has been introduced. For each year of retirement before 65, up to a maximum of five years, benefits are reduced by 3.6 per cent, in addition to the implicit reduction due to the fewer years of contribution. For each year of retirement after 65 the pension is increased by 6 per cent, in addition to the implicit increase due to more years of contribution.
incentive to retire with two alternative measures of the expected pension wealth: i) the net present value of the expected future stream of pension payments at the different ages of retirement; and ii) an approximation of the "option value" defined as the difference between the expected maximum attainable level of income if retirement is postponed and the net present value of pension payments 2 . The use of this variable in the duration model allows assessing whether the individual' behaviour conforms to the intertemporal maximisation process implicit in "option value" rule, while controlling for other factors which affect this decision over and above pure economic considerations.
13.
The sample used in this study is restricted to individuals 55 and older, and the length of the employment spell is defined as:
Spell-length in employment = age of retirement -55

14.
Moreover, the retirement decision in Germany is a discrete choice for most individuals. The strict earnings test before the 1992 reform de facto prevented people from combining work with retirement income if they had retired before the age of 65, while after the official age of retirement, even if theoretically allowed, only a few individuals earned income from work.
15.
As stressed above, individuals may use different retirement routes, including occupational disability pensions, unemployment pensions, early retirement and old-age retirement. It could be expected that the effects of the factors determining the retirement decision vary according to the retirement channel concerned. Therefore, a competing risk model is needed.
16.
The hazard function is the conditional probability of entering retirement at age t, given that the individual has not retired at an earlier age:
17. Given our lack of knowledge as to the precise functional form of the probability of entering retirement, following Lancaster (1990) a flexible functional form is used, a piecewise constant hazard:
The survivor function is:
2. Börsch-Supan (1994) uses a similar approach by introducing an "option value" into a Gompertz hazard rate model for Western Germany. 
18.
The main advantage of using a flexible hazard rate specification is that no unjustified restriction is imposed on the data. As stressed by Lancaster (1990) , the piecewise-constant hazard is essentially a way to let the data tell us how the hazard behaves as a function of time. The non-parametric estimates of the hazard discussed below (see also Figures 1 to 4) , show that the hazard from employment to retirement evolves over time in a non-monotonic way with rapid increases toward the age which allows early and old age retirement. Consequently, alternative specifications such as the well-known Weibull are not suitable. The explanatory variables x enter the model as follows:
where it is assumed that some of the explanatory variables vary over the employment spell of the individuals. The pure dependence on time of the instantaneous probability of moving to the retirement state is captured by the piecewise constant baseline hazard θ m .
19.
Given data availability, it is possible to consider two different destinations out of employment: 1) early and old age retirement; and 2) disability retirement 3 . Moreover, right censoring is treated as an additional destination as suggested by Lancaster (1990) . By definition, these destinations are mutually exclusive and exhaust the set of possible exit options. It was assumed that η k (k = 1,..K) is a set of dummy variables that take value one if the individual exits to state k and zero otherwise. Therefore, the K transition intensities are:
20. The total of the survivors at time t who leave in the following period is the sum over k of those who leave for destination k, which also provides the relationship between the hazard function θ(t) and the transition intensities θ k (t). Formally:
Unemployment was not considered as a separate destination because of the very limited number of older workers who were classified as being unemployed. This is likely to be the result of a common practice of using unemployment compensation as an unofficial pre-retirement income support scheme. Income support bridges have been frequently used up to the age of 60, when unemployed people could enter the public pension system. These bridges include a combination of unemployment compensation, employer's supplements or severance pay. See also Börsch-Supan (1997) .
the hazard function is the sum of the transition intensities over the different destination states. The probability of exiting to state k in a short time interval ( t, t + dt) can be written as:
From the above, the log-likelihood contribution for a single person is given by:
where η are the dummy variables for the k possible destinations.
22.
From the previous discussion, it was assumed that the θ ik are specified as functions of the observable explanatory variables x. As suggested by Narendranathan and Stewart (1991) --under the assumption of absence of omitted heterogeneity terms correlated across the cause-specific hazards --the log-likelihood for the competing risks model is additively separable into terms each of which is a function of the parameters of a single cause-specific hazard. Therefore, maximising the likelihood for the entire competing risks model is equivalent to separately maximising the likelihood for the k th retirement state, while treating employment spells ending in other retirement states as right censored. The full log-likelihood is the sum of terms such as (8) over i =1,2,....N and is therefore:
The dataset for the empirical analysis: the German Socio-Economic Panel
23.
The data set used in this study is based on 11 waves of the German Socio-Economic Panel (GSOEP). The dataset only includes individuals in Western Germany even for the years after the Reunification of Germany.
24.
The GSOEP is a longitudinal data set where the same individuals are interviewed every year. In each wave, it provides information on individual characteristics (e.g. sex, age and nationality), family status (e.g. marital status, relationship with respect to the head of the household and number of members of the household), human capital variables (e.g. education and occupational characteristics), as well as labour market variables (e.g. labour market status, work history, industry of affiliation and tenure in the last job). Moreover, the GSOEP contains information on earnings, income from self-employment and social transfers.
25.
The empirical analysis developed in this study is based on stock sampled spells in the job. Individuals at work aged 55-65 in 1985 were selected from the original sample and followed up to 1995.
This dataset was expanded with data on new entrants in the GSOEP panel in 1986 (aged 56 to 65 and in employment) and in 1987 (aged 57 to 65 and in employment) 4 . Moreover, those individuals who did not report their educational attainment and those who were working in agriculture have been removed from the sample 5 .
26.
Annual transitions that occurred between 1986 and 1995 were computed. An individual left the sample for two reasons: first, (s)he retired 6 ; secondly, the individual dropped out from the GSOEP sample. In the latter case the individual observation is considered as right-censored.
27.
The dataset used in this study is purely longitudinal insofar as it permits following individuals over 11 years, from 55 years of age to the official age of retirement. However, there are some disadvantages, namely: a 20 per cent of right censored cases; and a limited sample size, at least compared with studies based on cross-sections.
28.
The definition of retirement is always problematic, especially in countries where the elderly combine pension benefits with part-time employment (Lazear, 1986) . In Germany, although legally possible after the official age of retirement, only a few older people work part-time while receiving pension benefits after 65. Moreover, for those on early retirement it was impossible to retire partly over some years, until the 1992 reform. Therefore, people have been considered in the employment state if they indicated full or part-time employment; they have been considered in retirement if they were not working, started to receive retirement benefits since the previous survey and qualified for early or old age benefits 7 .
29.
Within the group of retirees, workers moving into disability retirement have been identified using the following additional criteria: i) the individual retired at the age of 56 or 57 (not allowed officially under the unemployment or the early retirement schemes); or ii) the reason for ending the last employment between age 58-59 (women) or 58-62 (men) was due to occupational or general disability.
30.
Apart from age, the following variables have a time dimension in the sample: self-assessed health status 8 ; wage earnings; and the potential pension entitlements (function of age and previous earnings). The other explanatory variables are considered as time invariant and are computed at the time the individual takes the decision to retire, i.e. for an individual who leaves the sample at t+1, his/her age, educational attainment, industry, occupation etc. were those at the time t.
4.
The original sample included 613 workers (1985) plus 9 individuals in 1986 and 5 in 1987. There were no more cases in subsequent years.
5.
Given their very limited number in the sample, workers in the agriculture sector were excluded from the database. In fact, it was not possible to add a separate sectoral dummy variable in the duration model and we did not consider appropriate to merge workers in agriculture with any other sectoral group. Furthermore, farmers are subject to a special retirement scheme.
6
. Surprisingly, only 0.5 per cent of individuals in the sample, and only in the first transition (i.e., 1985 to 1986) moved to unemployment or inactivity before moving into retirement. We consider that the move to unemployment or inactivity is a move to retirement if the following transition is retirement.
7.
As suggested by Lazear (1986) , the combination of these two criteria offers an appropriate framework for studying the retirement decision of older workers and the role of social security systems.
8.
The use of a time-varying measure of health is very important. As suggested by Bound et al. (1997) , the labour force decision seems to be more sensitive to changes in health than to the overall health status.
31
. Table 1 shows the main characteristics of the individuals in the sample at the time of their transition from work to retirement. Table 2 presents a breakdown of the sample according to year of exit, the retirement pathway chosen, including the right-censored observations.
32.
The main variables that have been considered as affecting the retirement decision include socio-demographic characteristics as well as variables attempting to describe the health status of elderly persons:
• Educational attainment. Three categories have been retained: i) primary or less; ii) secondary education; iii) upper secondary and higher education;
• Family and household characteristics include: civil status (married, single); whether the individual is the head of the household; the household size (i.e., number of people living in the household);
• Nationality: the sample only includes individuals living in the Western Länder. Two groups are considered: those with German citizenship and those without.
• Occupational or professional status (based on the ISCO-68 classification). The original groups include:
1. Technical and related specialists; 2. Managers in public service and in business; 3. Office workers and related occupations; 4. Business occupations; 5. Service occupation (includes the defence sector); 6. Occupations in farming, forestry, fishing, and hunting; 7. Production industry and related occupations, transportation services, and handymen.
These different occupations have been re-grouped in the empirical analysis into 3 broad categories: i) professional workers (1, 2 and 4); ii) white collar workers (3 and 5) ; and iii) blue collar workers (6 and 7).
• Industry affiliation:
1. Mining, energy and manufacturing; 2. Construction; 3. Wholesale and retail; 4. Transport, communications and finance; 5. Education, sports and health services; 6. Other services; 7. Others.
Given the limited sample size, these sectors have been re-grouped into broader groups: industry (1+2); service sector (3-6); and others (7).
• Tenure: this variable indicates the number of years the individual spent in the last job before retiring.
• Type of work activity: three main categories of workers have been considered: i) employee in the private sector; ii) civil servant; and iii) self-employed.
• Health status: the GSOEP includes several variables that describe the health status of the individuals, including the certified degree of disability. This variable has been used to identify those who entered retirement via a disability pension scheme. Another variable available in the GSOEP is the self-assessed indication of the "satisfaction with health". The latter ranges from 0 (very dissatisfied) to 10 (fully satisfied) 9 and given the greater coverage in the sample compared with the certified degree of disability, it was retained in the empirical analysis.
• House ownership. The GSOEP does not permit the clear identification of the wealth and non-wage income of individuals. As a crude proxy for wealth, a dichotomous variable for home ownership was used.
33.
As stressed above, different measures of the economic incentives to retire were considered. The replacement rate is the ratio of the first pension payment from retirement relative to the last wage. The second measure is the net present value of the total pension payments over the remaining life of each individual. This measure requires additional information: i) the future pension payments, according to the pension formula; ii) the life expectancy of the individual; and iii) the discount factor. The third measure is the "option value" of postponing the retirement decision. As discussed in Box 2, this measure requires information on expected earnings for future years if retirement is postponed; the future pension payments; the conditional survival probability; an index of the marginal disutility to work; and the discount factor.
34.
All three measures require information on the level of pension at different ages of retirement. The GSOEP contains information on the level of pension benefits received by the elderly but with a significant number of cases of non-reporting and miss-reporting. Moreover, for the right-censored cases there is no information on the pension level, which complicates the calculations. It should also be stressed that the calculation of both the NPV of the pension wealth and the option value require the knowledge of the potential pension levels for ages before the decision to retire is taken and for the years thereafter. To overcome these problems, the pension is calculated for every individual in the sample and for all ages from 55 onwards. As shown in Box 1, retirement income is a function of the age of retirement and on the entire stream of earnings during the contribution life. The assessed earnings of each individual over the working life have been derived from a semi-logarithmic regression of earnings on age, human capital variables and sector of affiliation 10 . Based on the cross-section of people (20+) in 1985, the earnings 9.
There is a lively debate about the appropriate measure of the health status for empirical analyses of retirement (see, amongst others, Parsons, 1982; Anderson and Burkhauser, 1985) . Self-reported health satisfaction may be endogenous: people may miss-represent their health if they have applied for a disability or an early retirement pension. To test the sensitivity of the empirical results to the choice of the health variable, the self-assessed measure of health status has been replaced by the certified degree of disability. The empirical results remain largely unchanged. see also Riphahn (1997) who obtained similar results.
10.
In the absence of detailed information on the entire work history of the individuals in the sample, it was assumed that all people in employment at the age of 55 started to work at the age of 20 and continued contributing until they retired. This is a rather plausible assumption given that years of unemployment, years of military service, three years of education for each child and years of education after 19 are counted as years of contributions.
function displays an inverted U shape age-earnings profile, with a significant increase in earnings in the early phases of the working life and a moderate decline in old age 11 .
35. In addition to the pension levels at different hypothetical ages of retirement and of the earnings over the past and potential future years of work for each individual, the calculation of the option value requires information on the marginal utility of leisure, the conditional survival rates and the discount rate. The conditional survival rates were obtained from the UN Life Tables for the specific cohort of people aged 55 and more in 1985. The definitions of the other parameters was based on "plausible" assumptions: the marginal utility of leisure was estimated by Stock and Wise (1990) for the US and by Börsch-Supan (1992) for Germany to be around 1.2-1.3. According to these values, a person is indifferent between one dollar obtained as a pension transfer and 1.2-1.3 dollars earned from work; the discount rate is set at 4.5 per cent, equivalent to the long-term real interest rate in Germany in 1985. This latter value is very low compared with those estimated in most studies based on the option value approach. For example, in the dynamic programming models by Stock and Wise (1990) and by Lumbsdaine, Stock and Wise (1994) for the United States, or in the simplified model proposed by Börsch-Supan (1992) for Germany, the estimated discount rate was in the range of 14-20 per cent. These values implicitly suggest a rather myopic behaviour of older workers. Alternatively, the high discount rate emerging in the definition of the option value may reflect unobserved and age-related factors, such as the increase of job insecurity with age and/or the expectation that jobs may become scarce as the individual ages, implying a fall in earnings compared to the acquired pension rights 12 . In order to assess the sensitivity of the estimated coefficient for the option value to changes in the discount rate, the hazard model has been re-estimated using a discount rate of 13.8 per cent as suggested by Börsch-Supan (1992).
11.
The wage equation was estimated using the cross-section for 1985 of individual 20 years and older. Wage data reported in the GSOEP were used as the dependent variable. The equation used a cubic age profile estimated by a semilogarithmic regression. The other explanatory variables are education attainment (in number of years of schooling), gender, occupation, industry affiliation (using the 7 branches presented in the main text) and the number of years of tenure in the last employment. The evidence of an inverted U-shaped age profile of earnings is broadly consistent with that reported by Börsch-Supan (1994) .
12.
This latter point is difficult to verify with available data. Civil servants and workers in some other private sectors have a mandatory retirement at the age of 65 and even in the other sectors most workers move into retirement before or at 65 years of age.
Box 2: The option value
The economic incentives of the public pension system can be assessed by the option value of postponing retirement at any age (Lazear and Moore, 1988; Stock and Wise, 1990) . At each retirement age, the option value represents the difference between a stream of retirement benefits and a stream of earnings and retirement benefits if the decision to retire is postponed to some later date. The key element of the option value model is the expected discounted stream of utility from consumption at age t if the worker retires at age r :V t (r). This value can be expressed as: r = retirement age; s j = survival probability at age j, assessed at the time t; λ = marginal utility of leisure; δ = the discount factor; Ε t = the expectation at time t.
If the individual retires at age r, he will receive retirement benefits 5% (r,Y) which depend upon the age of retirement and on previous earnings (according to the pension formula described in Box 1). Retirement benefits have been calculated for each individual on the basis of the pension formula and his/her wage and work history. Moreover, the earnings function discussed in the main text has been used to calculate the expected earnings for years after the individual actually retired. Ignoring savings in old age, the utility function can be specified as (Stock and Wise, 1990) :
where ε j and ξ j are individual specific random effects, which account for unobserved characteristics of the individuals; γ is the risk aversion parameter. For simplicity, the random individual effects are supposed to evolve according to a random walk [i.e., ε j =. ε j-1 + ν j; ; with E j-1 (ν j ) =0] and we assume that γ is equal to 1 .
.../...
Empirical results
36.
This section presents the empirical results of the non-parametric and semi-parametric analysis of the hazard rates from employment to retirement.
5.1
Non-parametric hazard from employment to retirement 37. Figure 1 presents the non-parametric hazard function from employment to retirement for the entire population of workers aged 55 and older 13 . These figures are broadly consistent with those presented in Blöndal and Scarpetta (1998) for Germany based on Labour Force Survey data. The figure clearly shows three spikes in the hazard function: at the age of 60, when women and the unemployed became entitled to early-retirement benefits (under the pre-1992 regulations); at the age of 63 which entitles men with 35 years of contributions to old-age pensions and, finally at 65 which is the official age of retirement. Excluding the self-employed from the sample (Figure 2 ) does not change dramatically the picture. The only notable variation is the hazard rates after 65 years of age, which are generally below those observed for the entire population. As in most OECD countries, the self-employed retire later and more gradually than employees thereby reducing the strength on the hazard peaks in the aggregate distribution.
38.
Figure 3 distinguishes hazard function by gender. As expected, the peak in the age-profile of the hazard rates for women is at the age of 60. Thereafter there is a rather homogeneous (conditional) probability of moving from employment to retirement. The 63 and 65 peaks are features of the men hazard rate distribution and, as stressed above, account for the early retirement and old age retirement regulations. Finally, Figure 4 considers the two alternative destinations out of employment: disability retirement and early and old age retirement. This shows the clear interactions between the disability 13.
The non parametric estimates of the hazard rate are based on the Kaplan-Meier estimator:
where n j is the number of people observed to leave at time t j and r j is the number of people in the risk set at time t j-1 and the subscript j goes over the T distinct times at which exits from employment to retirement are observed. From this estimator the survivor function can be estimated as: The option value rule suggests that the individual, at the age t, will postpone retirement if O t (r max ) >0, otherwise he/she will retire. pension scheme and the old age pension scheme. Disability accounts for the large majority of exits from employment to retirement up to age 60 when women and the unemployed started to be entitled to early retirement benefits. The ages 60-61 are the only age groups in which there is an overlapping between the two schemes: men with a short spell of unemployment before the age 63 could only receive an occupational disability pension.
5.2
Maximum likelihood estimates of a competing risk model for transitions from employment to retirement
39.
The maximum likelihood estimates of the competing risk model are based on a sample of 617 individuals aged 55 and older who were employed in 1985. These indivuduals have been followed for 11 years, from 1985 to 1995. Out of the total sample, 417 individuals had a transition from employment to retirement in the time interval covered by the data. Given the structure of the dichotomous variables considered, the "reference" person is a married man, who is the head of the household, has a secondary education, a German citizenship and a professional occupation in the "industry" sector and does not own a flat or a house. In the following tables, positive coefficients of the explanatory variables suggest a higher probability of moving into retirement with respect to the "reference" person, while the contrary holds if the sign of the coefficients is negative.
40.
To ensure consistency with the underlying maximum likelihood estimation approach, Table 3 presents a specification which includes all socio-demographic variables, while Tables 4 to 6 present the results of restricted models incorporating different measures of the pension wealth and wages 14 . Considering the entire population (first two columns of Table 3 ) it can be noticed that workers with higher levels of education have a lower probability of moving into retirement than those with lower levels of education. Similarly, self-employed stay longer in employment, ceteris paribus, as workers without a German citizenship. Women tend to have a slightly higher propensity to move into early retirement than men but a much lower propensity to move into disability retirement. This phenomenon can be largely explained by the early retirement regulations which allowed (before the 1992 reform) women to go on early retirement before men. The recourse to disability retirement is more likely amongst white collars and especially blue collars than professional workers. Moreover, while workers in the service sector have a tendency to stay longer in employment, civil servants have a decisive higher probability of moving into early retirement and into disability retirement than workers in industry.
41.
The highly significant coefficients of health status in the two columns on transition to disability conform to the expectations. Poor health strongly affects the probability of leaving employment to disability retirement. This result is also confirmed if the self assessed measure of the health status is replaced with the more objective measure of the certified degree of disability. However, it should be stressed that even the latter may not be a fully acceptable measure of the "true" health status of the individual given the way in which the assessment was usually made in the 1980s and early 1990s 15 . The final observation regarding Table 4 is about the wealth variable. Contrary to expectation, the coefficient 14.
In particular, variables referring to years of tenure, sector of affiliation and occupation have been used to calculate the age profile of wages for each individual and should not be included in the hazard model which include among the regressors either the assessed wage or a measure of the pension wealth which depends on the assessed wage. A different grouping of the education data in the earnings function with respect to the duration model allows considering this factor in the latter without incurring in severe identification problems.
15.
As stressed by Börsch-Supan (1992 and Riphahn (1997) , relatively high degree of disability were certified to workers who could not find a suitable job.
is negatively signed, but is also characterised by a high standard error. One would have expected that the wealth would increase the hazard to retirement, other things being equal, rather than depressing it since people with accumulated wealth may be less concerned with a reduction in income due to the transition from work to retirement. However, the surprising results may also be due to the fact that the proxy used for the wealth is not accurate, and other factors over and above the ownership of a house/flat contribute to the individual's wealth.
42
. Tables 4 to 6 focus on employees and consider different measures of the financial incentives to retire. The coefficient of the simple pension replacement rate is wrongly signed and characterised by a large standard error in the transition from employment to early retirement and it is not statistically significant, though rightly signed, in the transition from employment to disability retirement. Since the replacement rate increases with the age of retirement, this is not surprising. It can be plausibly assumed that, while making the decision to retire, people compare the stream of benefits from pension to the stream of wages for some more years and pension benefits thereafter, rather than the simple ratio between the pension and the previous wage. Table 5 considers the net present value of the pension wealth for each age of retirement. As expected, the pension wealth plays an important role in the decision to move into early and old-age retirement. The probability of moving from work to retirement is higher the higher the net present value of the pension wealth, which in turn, depends upon years of contribution and years of expected fruition of the pension benefits.
43
. Table 6 presents the estimated hazard models, which use the option value as an indicator of the incentive to retire. Model A (first two columns) uses a discount rate of 4.5 per cent while model B uses a discount rate of 13.8 per cent, as estimated by Börsch-Supan (1992) for Germany. In both cases, the option value coefficient is highly significant and has the negative sign (i.e., a lower probability of retirement if the option value is large). The transition from work to retirement is postponed until the option value is low or becomes negative. The use of a higher discount rate (model B) leads to a higher estimated coefficient for the option value. However, for the purpose of the analysis developed in this paper, it is important to notice that the retirement behaviour of the elderly in our sample seems to conform to the basic intuition of the option value even if the latter is defined using parameters which are not derived from a dynamic optimisation procedure (model B), i.e. when they are estimated in order to fit the observed retirement patterns.
5.3
Simulations of the effects of reform in the pension system
44.
The results of the duration model of the previous section can be used to assess the potential effects of reforms in the social security system 16 . The baseline hazard rates are the piece-wise constants from the hazard model and refer to the "typical" individual, as discussed above. Two scenarios are considered: i) a reform of the social security provisions that make the pension system actuarially neutral, that is to say, a system that does not distort the retirement age decision (see Box 3); ii) a proportional reduction in pension benefits of 20 per cent. For each person in the sample, the age-specific pension benefits were replaced with the values resulting from the revised pension formulae. Subsequently, the piece-wise constant hazards were re-calculated using the parameters of the model presented above.
16.
While reading these simulations it should be born in mind that they only offer a partial picture of the potential effects of reforms. Implicitly, the simulations are based on a ceteris paribus condition and do not take into account the potential consequences that changes in the retirement behaviour of older workers may have on aggregate savings, social security expenditures and overall labour market conditions.
45.
Figures 5 and 6 present the results of these microsimulations. The upper panel presents the hazard rates under the baseline and the reform scenario, while the bottom panel plots the "employment survival functions": the proportion of individuals in employment at different ages. These simulations suggest significant effects of pension reforms on retirement patterns. The transition from the pre-1992 system with strong incentives to retire early to a more age-neutral system would significantly shift the age profile of retirement, even maintaining the same net present value of the pension wealth. Figure 5 indicates that even under the assumption of a low discount rate (3 per cent) the move to a non-distortionary system would shift the average age of retirement of male household heads by almost one year 17 . Given the assumption that no pension can be claimed before the age of 60, the most significant effect of the pension reform is on early retirement. Fewer male employees at work at the age of 58 will leave employment before the age of 60, while the probability of retirement converges to similar values after 65 years of age. The estimations of these latter hazard rates are, however, less reliable than those for earlier retirement ages given the limited observations available after 65 years of age in the sample. It should also be stressed that such a reform will have even stronger effects on female participation rate. By shifting from a system in which women can obtain their full pension at the age of 60 to one in which their pension will be reduced using the adjustment factors presented in Box 3, the reform will eliminate the strong incentives to retire early.
46.
Figure 6 offers another policy scenario in which pension benefits are reduced but the age profile is left unchanged. This alternative reform also produces a significant shift in the average age of retirement. Contrary to the previous case, the effects of benefit reduction are particularly visible for retirements in the 62-65 window, while they are broadly similar at the earlier ages of retirement.
17.
These results broadly match those obtained by Börsch-Supan (1994) . He found that the move to a non-distortionary system would raise the average age of retirement of all household heads by 0.8 years, using a discount rate of 3 per cent, and by 1.2 years using a discount rate of 7 per cent.
Box 3: Adjustment factors under a non-distortionary system
A pension system can be considered as non distortionary if it keeps the net present value of pension benefits minus contributions constant across all retirement ages: where: r = retirement age; ADJ(r) = adjustment factor; RB(r) = yearly pension payment, which is function of r; s j = survival rate at the age j; δ = discount factor; c = contribution rate; Y = annual earnings;
Individuals are assumed to have worked from the age of 20 to retirement. Contributions up to the age of 60 are considered to be sunk in the calculation of the adjustment factors. The calculations refer to an average production worker and no adjustmnent is made for contributions below 75 per cent of the average contribution (see Box 1). The equations above is solved for retirement ages r = 60,...,70 for the adjustment factor (ADJ(r)). Under the assumptions of a discount rate of 4.5 per cent, a contribution rate of 18.5, and an average net replacement rate of 72 per cent at the age of 65, the adjustment factors, normalised to ADJ (65) (1) The adjustment factors for ages 60-62 are those that women and the long-term unemployed would be entitled to before the 1992 reform. From 63 years of age onwards, men were also entitled to full pension before the 1992 reform.
Concluding remarks
47. This paper has investigated the determinants of the retirement decision in Germany using microdata from the German Socio-Economic Panel over the period 1985-1995. Non-parametric and semi-parametric techniques have been used to describe the exit to retirement. Non-parametric estimates suggest that the incentive structure generated by the operation of the different social security schemes play a powerful role in the individual retirement decision. The conditional probability of entering retirement (hazard function) over the 55-70 age span has clear spikes at the earliest age of eligibility to: i) the early pension for women and the unemployed (at 60 years of age); ii) the early pension for men (63 years of age); and iii) old-age pension at the official age of retirement (65 years of age). There are also close interactions between the disability scheme and early-retirement schemes. In particular, the hazard function for the transition from work to retirement via the disability route increases with age until 60 years --when women and the unemployed become entitled to old-age pensions --and then declines rapidly.
48.
The semi-parametric analysis of the retirement decision is conducted using a piece-wise constant hazard model with multiple destinations (i.e. disability scheme and old-age pension scheme) and time-varying covariates. Socio-demographic factors have a strong impact on the retirement decision. Workers with higher than average education and the self-employed have a tendency to stay longer in employment, while a noticeable higher probability of retiring early is observed among civil servants and women. As expected, poor health strongly affects the decision to retire, especially in the case of disability retirement. This result holds irrespective of the choice of the health measure, i.e. self-assessed or objective indicators.
49.
Financial incentives offered in the pension system are also powerful in shaping the age profile of retirement. This study considers three summary measures of the financial incentives: the ratio of pension benefit to previous wage (i.e. the pension replacement rate), the expected pension wealth relative to the previous wage and the option value. The replacement rate in the German pension system increases with the age and does not seem to be related with the retirement decision. However, as soon as the forward-looking behaviour of individuals is accounted for (i.e. by using the pension wealth and the option value measures), the retirement decision is consistent with financial incentives embedded in the pension system: Older people tend to maximise the net present value of the pension wealth and retire as soon as the option value of postponing retirement becomes small (or negative). The results of the hazard model have been used to predict retirement ages under alternative age-related adjustment factors in the pension formula. In particular, the age profile of benefits have been adjusted so as to keep the net present value of the pension wealth constant across all retirement ages between 60 and 70. This simulation suggests a significant rightward shift in the age profile of retirement, with the average retirement age rising by about one year. A 20 per cent reduction in the pension benefits without modifying the age profile of pensions would also produce an increase in the average age of retirement but will not affect the distribution over the retirement age of the transitions from work to inactivity. 447.6 115.4 *** = significant at 1 per cent ** = significant at 5 per cent * = significant at 10 per cent 1. Chi-squared statistic for the model above vs. the intercept-only model. Table 5 based on the NPV of the pension stream. The calculations refer to the typical individual as described in the main text. The non distortionary system is based on the pension adjustement rates presented in the Box 3. Table 5 based on the NPV of the pension stream. The calculations refer to the typical individual as described in the main text. The 80% scenario assumes that the pension benefits are reduced to 80 per cent of their baseline value.
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